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Abstract The present study was aimed to identify the
antigenotoxic effect of bio-synthesised silver nanoparticles
(SNP) of Ocimum sanctum leaf extract against cyclo-
phosphamide (CP). We tested the antigenotoxic effect of
bio-synthesized silver nanoparticles of O. sanctum leaf
extract on human lymphocytes against CP by using chro-
mosomal aberration assay (CAA). Silver nanoparticles was
first synthesized from fresh leaf extract of O. sanctum and
characterised. Their quality was checked by XRD tech-
nique and morphology by SEM. Three different doses of
the bio-synthesised SNPs namely, 50, 100 and 200 ll/ml
were selected and CP (100 lg/ml) was used as a positive
control for CAA. CP administration to human lymphocytes
culture caused reduction in mitotic index (MI) and increase
in chromosomal damages. The three doses (50, 100 and
200 ll/ml) significantly (P \ 0.005) reduced the chromo-
somal damages by CP and there was increase in MI. The
biological way of synthesising SNPs has advantages like
cost effectiveness and eco-friendly. Also the bio-synthes-
ised SNPs of O. sanctum leaf extract was found to be an
powerful genoprotectant. Furthermore works are to be
carried out in future to find the extract mechanism of its
genoprotective nature.
Keywords Antigenotoxic effect  Cyclophosphamide
(CP)  Ocimum sanctum  Bio-synthesised silver
nanoparticles  Chromosomal aberration assay  Human
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Introduction
Nanoparticle research is currently an area of intense sci-
entific interest because of its wide range of applications in
biomedical, optical and electronic fields. Nanomedicine
which is one of the applications of nanotechnology uses
nanomaterials which are introduced into human body to
perform cellular repairs in the molecular level (Robert
2005). The main purpose of this paper is to evaluate the
antigenotoxic effect of biologically synthesized silver
nanoparticles against cyclophosphamide (CP). Ocimum
sanctum which is an aromatic herb and shrub indigenous to
tropical regions of Asia and America (Maimes Report:
HolyBasil 2004). Tulsi is also known as ‘‘the elixir of life’’
since it promotes longevity (Govind Pandey and Madhuri
2010). Different parts of plant are used in Ayurveda and
Siddha Systems of Medicine for prevention and cure of
many ailments. It also possess significant properties like
anti-inflammatory (Singh et al. 2007), immunomodulatory
(Mediratta et al. 2002), anti-cancer (Aruna and Sivarama-
krishnan 1992), antioxidant, analgesic, anti-anesthetic and
chemo-preventive properties (Khanna and Bhatia 2003). A
recent study reveals that Tulsi is a powerful COX-2
inhibitor because of its high content of eugenol and also
shows protection against radiation poisoning. Some of the
main chemical constituents of tulsi are—oleanolic acid,
ursolic acid, rosmarinic acid, eugenol, carvacrol, linalool,
b-elemene (has anti-cancer properties), b-caryophyllene
and germacrene D (Mondal et al. 2009). Urosolic acid
which is one of the constituents of tulsi is involved in
reducing the free radical induced damage by various drugs
(Uma Devi and Gonasoundari 2005).
Cyclophosphamide (CP) (Endoxan, Cytoxan, Neosar,
Procytox, Revimmune) is one of the prodrug most widely
used as anticancer-alkylating agent. It is bioactivated by
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the liver CYP3 monooxygenase system for its therapeutic
and toxic effects. It mainly used to treat cancer and various
autoimmune disorders and also is a powerful carcinogen.
CP prevents cell division primarily by cross linking DNA
and RNA strands. Another serious side effect is low level
of white blood cells or platelets and Infertility, in both men
and women (which may be irreversible). Since the aqueous
extract of tulsi has proved to be a powerful antigenotoxic
agent (Dipanwita et al. 2007; Siddique et al. 2007). In this
present study we made an attempt on antigenotoxicity
effect from the silver nanoparticles of O. sanctum.
Materials and methods
Biosynthesis of silver nanoparticles
Fresh leaves and stem of O. sanctum were collected and
cleaned. The collected samples were washed thrice with tap
water and twice with distilled water. About 10 g of leaves
and stems were taken and finely cut into small pieces and
boiled with 100 ml of double distilled water separately for
5 min. The boiled extracts were filtered through Whatmann
no. 1 filter paper. A total of 10 ml of collected filtrate was
treated with 90 ml of 2 mM silver nitrate aqueous solution
and incubated at room temperature for 10 min, resulting in
the formation of brownish black colour indicating the syn-
thesis of silver nanoparticles. After that, about 1 ml (diluted
with 1:20 V/V Milli Q water) of stems and leaves silver
nanoparticle solution was monitored in UV–visible spec-
trophotometer (at 550 nm) at different time intervals
(15 min, 30 min, 4, 6 and 8 h). After the incubation period,
the solution was centrifuged at 12,000 rpm for 20 min, and
their pellets were re dispersed in Milli Q water. The cen-
trifugation and redispersion was repeated three times to
ensure the complete separation of nanoparticles (Gna-
nadesigan et al. 2012). Later the pellets were air dried. The
air dried pellets of leaf extract was taken and mixed thor-
oughly with 2 ml of DMSO stored at 4 C for future use.
Human lymphocytes culture
Heparinized blood samples (0.5 ml) was collected from
healthy individuals and were placed in sterile culture flasks
with 0.7 ml of RPMI1640 supplemented with fetal bovine
serum (1.5 ml), antibiotic–antimycotic mixture(1.0 ml),
phyto haemagglutinin (0.1 ml). The cultures are placed in
incubator at 37 C for 24 h.
Chromosomal aberration assay
After 24 h of incubation, the lymphocytes were treated
with silver nanoparticles (SNPs) of O. sanctum leaf extract
(50, 100, 200 ll) with CP 100 lg/ml in separate culture
tubes and placed in incubator at 37 C for 48 h. After 47 h,
0.2 ml of 0.01 %colchicine was added to each vials and
incubated at 37 C for 45 min. The cells were centrifuged at
1,000 rpm for 5 min and the pellet was treated with 6 ml of
pre warmed 0.075 M KCl hypotonic solution and incu-
bated at 37 C for 15 min. The supernatant was removed by
centrifugation at 1,000 rpm for 5 min. The pellets are fixed
by adding chilled fixative [methanol: acetic acid (3:1)]. The
fixative was removed by centrifugation and this process is
repeated twice. The slides were prepared and they were
stained with 3 % Giemsa stain solution in phosphate buffer
(pH 6.8) for 15 min. At least 300 metaphases were scored
in each slide for examining different types of abnormality
according to standard protocol of Savage (1979). Mitotic
index (MI) was calculated by using formula,
MI ¼ number of dividing cells/total number of cells
 100
where MI, Mitotic index.
Characterization of silver nanoparticles
The optical absorbance of silver nanoparticles (of both leaf
and stem extract) suspended in DMSO was recorded on
UV–vis spectrophotometer in 200–800 nm wavelength
range. The formation and quality of dried mixture of silver
nanoparticles of O. sanctum leaf extract was checked by
XRD technique (PAN analytical BV, The Netherlands)
operated at a voltage of 40 kV, and a current of 30 mA,
with CuKa radiation in a h-2 h configuration. Observation
of the SNPs of O. sanctum leaf extract was done by
Scanning Electron Microscopy (SEM).
Statistical analysis
The Mean and standard deviation was calculated for each
parameter. The data was analyzed by ‘SPSS 17.0’ software.
Two way ANOVA was performed to determine signifi-
cance of treatment. The mean separation was performed
according to Duncan’s New multiple range test (P B 0.05).
Results
The colour intensity of the bio-synthesised nanoparticles
increase with time. On comparison between the SNPs of O.
sanctum leaf and stem extract the leaf extract showed
maximum Optical Density value (2.92) after 8 h of incu-
bation (Fig. 1).
Table 1 shows the effect of SNPs of O. sanctum leaf
extract on human lymphocyte culture (HLC) against CP.
When human lymphocytes were treated with OS SNP leaf
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mix alone at different doses of 50, 100, and 200 ll/ml, no
increase in the number of chromosomal aberration and sig-
nificant decrease in mitotic index were observed when
compared with negative control. As SNPs of O. sanctum leaf
extract at 1,000 lL/mL showed a reduction in Mitotic index
(MI), further studies were carried out with lower doses on the
basis of mitotic index as it is an indicator of cytotoxicity.
Statistically there was significant reduction in the number of
chromosomal aberration in different doses of SNPs of O.
sanctum leaf extract. The protective effects of SNPs of O.
sanctum leaf extract of which the concentration 200 ll/ml
showed maximum protection against CP induced toxicity.
The FTIR spectrum of silver nanoparticles is shown in
Fig. 2. The band at 3,400 cm-1 is assigned to the O–H
stretching of H-bonded alcohols and phenols. The band at
2,925 cm-1 is attributed to O–H stretching of carboxylic
acids. The band at 1,616 cm-1 corresponds to the N–H
bending of primary amines. The bands at 1,444 and
1,521 cm-1 are related to the C–C stretching of aromatic
ring structure and the characteristic peak at 1,360 cm-1
corresponds to the C–N stretching of aromatic amine group
whereas in the region of 1,150–1,282 cm-1 are corre-
sponding to the C–C stretching alcohols, carboxylic acids,
ethers and esters. From the FT-IR analysis, the presence of
functional groups of alcohols, carboxylic acids, esters and
ethers are binding metal with to form a silver nanoparticle
is confirmed. These groups are also preventing the
agglomeration of silver nanoparticles.
The morphology of the silver nanoparticles was deter-
mined by scanning electron microscopy. Figure 3 shows
the SEM image of bio-synthesized silver nanoparticles.
From the image it can be seen that the spherical mor-
phology of silver nanoparticles is randomly distributed
with average diameter [100 nm. The Energy Dispersive
Analysis of X-rays (EDAX) spectrum revealed the pres-
ence of silver metal in synthesized nanomaterials. It is
observed that the Ag nanoparticles are successfully syn-
thesized (Fig. 4).
The X-ray Diffraction (XRD) pattern of silver nano-
particles is shown in Fig. 5. Three characteristic peaks of
silver nanoparticles were observed at 38 , 44 and 64
which corresponds to the crystal face of (111), (200) and
(220) of silver. The obtained data of silver metal was
matched with the Joint Committee on Powder Diffraction
Standards JCPDS No.89-3722. The grain size of the silver
nanoparticles formed in the process was estimated from the
Debye–Scherrer equation by determining the width of the
(111), (200) and (220) Bragg’s reflection. The average
particle size is 50 nm. It is observed that the silver nano-
particles are formed using O. sanctum leaf extract.


























Fig. 1 UV–Vis analysis of silver nanoparticles from O. sanctum
Table 1 Protective effect of silver nanoparticles (SNPs) of O. sanctum (OS) leaf extract against chromosomal aberrations induced by cyclo-
phosphamide (CP)




Types of aberrations % of
protection
B G P
Untreated 3 ± 2 6.2 3 3 – – –
DMSO (0.1 %) 2.67 ± 2.08 4.5 2 1 – 1 –
CP (100 lg/ml) 33.33 ± 3.51b 1.7 33 23 8 2 –
OS SNP [LEAF] (50 ll/ml) 2.67 ± 2.08 4.6 2 2 – – –
OS SNP [LEAF] (100 ll/ml) 7.33 ± 2.52 4.5 7 4 1 2 –
OS SNP [LEAF] (200 ll/ml) 8.67 ± 2.52 4.56 9 6 2 1 –
OS SNP [LEAF] (50 ll/ml) ? CP (100 lg/ml) 14.33 ± 3.06a 3.5 15 8 3 3 64.2
OS SNP [LEAF] (100 ll/ml) ? CP (100 lg/ml) 12.33 ± 3.51a 3.8 12 5 4 3 75
OS SNP [LEAF] (200 ll/ml) ? CP (100 lg/ml) 8 ± 3a 4 8 6 2 – 82
MI mitotic index, B break, G gap, P pulverization, SD standard deviation
NOTE- The results are average sets of five experiments (a, represents P \ 0.005, when compared to untreated and b, represents P \ 0.005, when
compared to CP)
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Discussion
Nanomedicine can be broadly defined as a technology
which uses molecular tools and knowledge about human
body for medical diagnosis and treatment (Duncan 2004).
Here the nanomaterial plays the pivotal therapeutic role
because of their ability to cross biological barriers. Fur-
thermore they can stimulate self-healing cell responses and
bio compatibility of implants (Sato and Webster 2004).
Moreover the developmental costs and risks of these
materials are low as compared to other drugs. (Wagner
et al. 2006).
Metal nanoparticles are well known for its applications
in the field of electronics, magnetics and storing informa-
tion. These properties are mainly because of their size,
shape, composition and structure (Okuda et al. 2005). Of
the metal Nps silver nanoparticles are well known for their
catalytic properties (Toshima and Shiraishi 1999). The
silver nanoparticles can be synthesised either chemically or
biologically. The biological method is not only a good
method but also effective in reducing the use or generation
of hazardous compounds to the environment. Gold
Fig. 2 FTIR spectrum analysis of bio-synthesised silver nanoparticles from O. sanctum leaf extract
Fig. 3 Scanning electron microscopy image of bio-synthesized silver
nanoparticles from O. sanctum leaf extract
Fig. 4 EDAX spectrum revealed the presence of silver metal
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nanotriangles were synthesised from Tamarind leaf extract
and tested for its use as chemical sensors. Some plants like
Alfalfa (Gardea-Torresdey et al. 2003) and neem (Shankar
et al. 2004) were used in synthesis of silver Nps (SNP) in
biological way.
Based on the view of all the above, the present study is
mainly focussed on synthesis, characterisation and evalu-
ating the antigenotoxicity of silver nanoparticles of O.
sanctum. Previous studies revealed that synthesized Oci-
mum SNPs have potential anti-bacterial activity (Malli-
karjuna et al. 2011; Singhal et al. 2011). On comparison
with the stem, the leaf showed maximum synthesis because
of their high phenolics, flavonoids (apigenin, luteolin) and
tannins (Naheed et al. 2010). Further biosynthesis can be
confirmed by appearance of brownish black colour upon
addition of AgNO3 which is due to surface plasmon
vibration of synthesised nanoparticles (Jayaseelan et al.
2010). The FTIR results of SNPs of O. sanctum leaf extract
reveal the presence of –C–O–C– and –C=C– functional
groups and these groups are previously proved to have
certain potential reducing agents in the synthesis of silver
nanoparticles (Cho et al. 2005). The XRD pattern reveals
sharp Bragg’s peaks which are formed due to stabilisation
of nanoparticles with the reducing agents in the O. sanctum
leaves thus promoting crystallisation of the synthesized
SNPs.
Plant infusions of O. sanctum (1.075 9 10-4, 2.125
9 10-4 and 3.15 9 10-4 gml-1) have proved to reduce the
genotoxic damage caused by chlormadinone acetate
(40 lM) by using parameters chromosomal aberration and
sister chromatid exchange analysis (Siddique et al. 2008).
In vivo cytogenetic assay which was carried out in Allium
cepa root tip cells to detect the modifying effect of O.
sanctum aqueous leaf extract against chromium (Cr) and
mercury (Hg) induced genotoxicity (Babu and Uma Ma-
heswari 2006). Antigenotoxic effects of Fullerenol
C60(OH)24 nanoparticles (FNP) were evaluated on human
peripheral blood lymphocytes (PBL) using two cytogenetic
assays namely-chromosomal aberrations (CA) and micro-
nuclei (MN) tests on undamaged and mitomycin C(MMC)
treated. Their results showed that FNP decreased chromo-
somal aberrations and micronucleus frequency on the
undamaged and the MMC-damaged human PBL at con-
centration range from 5.54 to 221.60 lM (Jasminka et al.
2012). Studies by Dipanwita et al. 2007 proved that O.
sanctum leaf extract (200 lg/ml) which has active com-
ponents like apigenin, luteolin, eugenol are responsible for
their antigenotoxic ability. Siddique et al. 2008 tested the
antigenotoxic effect of apigenin against chromosomal
damage induced by cryptone acetate. Also O. sanctum leaf
extract has proved to be a powerful genoprotectant against
insecticides like chlorpyrifos (Khanna et al. 2011). In the
similar way our present study on the protective effect of the
SNPs of O. sanctum leaf extract against CP induced
chromosomal aberration was found the highest at the
maximum dose of 200 ll/ml showing 82 % protection.
Conclusion
Nanomedicine is the phenomena which uses nanostruc-
tured or nanoscale products [size range up to 1,000 nm] in
medicine which have some unique medicinal properties
based upon their structure. And the biological way of
synthesising nanoparticles has potential applications like
cost effectiveness, eco-friendly and compatibility for large
scale production. In the present study the biosynthesis sil-
ver nanoparticles from O. sanctum leaf extract has proved
to be a powerful antigenotoxicant. However our studies are
preliminary and work has to be out in future to find the
exact mechanism of genoprotectant activity of these bio-
synthesised silver nanoparticles.
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